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We propose a simple and fast algorithm for estimating the parameters in a multivariate high-frequency VAR system from mixed-frequency data. The VAR system is of the form$$\documentclass[12pt]{minimal}
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                \begin{document}$$\Sigma _{\nu }$$\end{document}$ has been shown in Anderson et al. ([@CR1]) (Theorems 2 and 3). Estimation procedures, in particular, a procedure based on the extended Yule-Walker (XYW) equations \[see Chen and Zadrozny ([@CR2])\] and a procedure based on the Gaussian Likelihood as well as an EM algorithm are discussed in Koelbl et al. ([@CR7]) and Koelbl ([@CR6]). There it is shown that the MLE as well as the EM estimator heavily depend on the initial estimator used. The purpose of this paper is to describe an estimation procedure which can be used as an initial estimator, e.g. for the EM algorithm, but also as an estimator on its own, because it is easy to calculate, consistent and outperforms the estimator based on the XYW equations.

The mixed-frequency IVL estimator {#Sec2}
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The stock case {#Sec3}
--------------
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The new estimation procedure proposed is as follows: The basic idea is to generate instrumental variables by projecting the slow components $\documentclass[12pt]{minimal}
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### Proof {#FPar2}
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Of course the choice of *k* is important for estimating the system parameters. Our approach is to regress $\documentclass[12pt]{minimal}
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The flow case {#Sec4}
-------------

For the case of the more general observation scheme ([1.8](#Equ8){ref-type=""}), we proceed as follows: Let$$\documentclass[12pt]{minimal}
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                \begin{document}$$\left( f_{t|t-N}^{k}\right) ^{T}$$\end{document}$ and taking the expectations we obtain$$\documentclass[12pt]{minimal}
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                \begin{document}$$Z_{0}^{\text {g}}$$\end{document}$ has generically full row rank (see Koelbl [@CR6]). Using ([2.20](#Equ29){ref-type=""}), a consistent estimation procedure is obtained analogously to the stock case described above. The innovation covariance matrix $\documentclass[12pt]{minimal}
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Simulations {#Sec5}
===========

In this section we present a simulation study comparing the accuracy of IVL with the accuracy of the XYW estimator and comparing these procedures as initial estimators for the EM algorithm. We consider the following data generating processes corresponding to the following two models:

Example 1 {#FPar3}
---------

Model 1 (which was also presented in Koelbl et al. ([@CR7])) is of the form:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} y_{t}=\begin{pmatrix}-1.2141 &{} 1.1514\\ -0.9419 &{} 0.8101 \end{pmatrix}y_{t-1}+\nu _{t}, \end{aligned}$$\end{document}$$ and Model 2 is of the form:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} y_{t}=\begin{pmatrix}1.5284 &{} 0.2727 &{} 1.0181\\ 1.6881 &{} -1.5235 &{} -1.1424\\ -0.6785 &{} 1.0936 &{} 1.2108 \end{pmatrix}y_{t-1}+\begin{pmatrix}-0.8089 &{} 0.4224 &{} 0.1477\\ -0.4461 &{} -0.9209 &{} -0.3154\\ -0.0496 &{} 0.6999 &{} -0.0982 \end{pmatrix}y_{t-2}+\nu _{t}. \end{aligned}$$\end{document}$$ In both cases the innovations are standard normally distributed, i.e. $\documentclass[12pt]{minimal}
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                \begin{document}$$i=2,3$$\end{document}$.

The simulation study reports the mean squared errors$$\documentclass[12pt]{minimal}
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                \begin{document}$$\theta =\text {vec}\left( A_{1}\right) $$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$\theta =\text {vec}\left( A_{1},A_{2}\right) $$\end{document}$, respectively. The sample size is $\documentclass[12pt]{minimal}
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                \begin{document}$$m=10^{3}$$\end{document}$ simulation runs. Only the case of stock variables has been considered. We put $\documentclass[12pt]{minimal}
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                \begin{document}$$n_{s}=1$$\end{document}$. The following estimation procedures are compared in this study: The Yule-Walker estimator obtained from high-frequency data, denoted by HF-YW. This estimator serves as an overall benchmark and therefore also the mean squared errors relative to the mean squared errors of the HF-YW estimators are presented. By MF-XYW we denote the mixed-frequency XYW estimator, by MF-IVL the mixed-frequency estimator introduced in the paper. By MF-EM-XYW we denote the mixed-frequency EM algorithm initialized with the XYW estimator and MF-EM-IVL the mixed-frequency EM algorithm initialized with the MF-IVL estimator, respectively. Table [1](#Tab1){ref-type="table"} summarizes the results.

Table 1Absolute and relative mean squared errors of the system parametersEstimatorsModel 1Model 2AbsoluteRelativeAbsoluteRelativeHFYW0.00210.0171MFXYW0.315133.670.72143.52IVL0.05623.530.0754.55EM-XYW0.0062.380.0663.99EM-IVL0.0041.740.0271.64

Note that for the two models MF-IVL outperforms MF-XYW as far as the overall mean squared errors are concerned. This also holds for the estimators for the individual system- as well as for the corresponding estimates of the noise parameters. When used as initial estimators, again, MF-IVL outperforms MF-XYW. In addition, the number of iterations for the EM algorithm decreases for both models when initialized with the MF-IVL instead of the MF-XYW.

Conclusions {#Sec6}
===========

This paper proposes a new estimation procedure in the framework of VAR models and mixed-frequency data. The procedure is obtained by creating instrumental variables by projecting the slow variables on present and past fast ones. We show generic consistency of the system parameters for stock and flow variables. Simulations are presented to compare the properties of our procedure compared to the XYW estimator. Both procedures are less accurate when compared to the MLE, our procedure however outperforms the XYW estimator.
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